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What Is Claimed Is: 



1 . A method for down-converting an electromagnetic signal, comprising 
the steps of: 

(1 ) performing a matched filtering/corryfelating operation on a 
portion of a carrier signal; 

(2) accumulating the result of th^ matched filtering/correlating 
operation of step (1); and 

(3) repeating steps (1) and (2) for/additional portions of the carrier 
signal, whereby the accu/nulatj^ results/ form a down-converted signal. 



2. The method accor 
of convolving an approx 
representation of itself. 




im 1, wherein step (1) comprises the step 
cycle yof the carrier signal with a 



3. The method according to claim 1, wherein step (1) comprises the step 
of multiplying an approximate half cycle of the carrier signal by itself over a 
predetermined time interval and integrating over a predetermined time 
interval 

4. The method according th claim 1, where SgiO is an output of the 
matched filtering/correlating operation, A: is a constant, 5'/(/) is an approximate 
half cycle of the carrier signafl, and to-0 is a predetermined time interval, and 
wherein step (1) comprises me step of processing an approximate half cycle of 
the carrier signal in accordance with: 



/ 

S,{t)=k\sf{t)Jt. 



Docket No. 1744.0920001 



• 



374- 



4 
5 
6 



5. The method according to claim 1, where SgiO is an output of the 
matched filtering/correlating operation, kis a constant, kSi{iJ-r) is an impulse 
response of a matched filtering/correlating operator, tg is a^redetermined 
observation time, w(r) is a step function, and SiiX-r) is an /approximate half 
cycle of the carrier signal, and wherein step (1) comprises the step of 
processing the approximate half cycle of the carrier signal in accordance with: 



5oW= \[kS,[t,-T)u{T))s^{t-T)dT 



: - : 
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6. The method according to cbfm 1 , wherei^ step (2) comprises the step 
of transferring a portion m the^ergy contained in an approximate half cycle 



of the carrier signal to ary energy^torage device. 

7. The method accbrding y6 claim 1 , v^herein step (2) comprises the step 
of transferring a portimjif^iie energy contained in an approximate half cycle 
of the carrier signal to a capacitive stor^e device. 

8. The method according to clai^ 1 , further comprising the step of: 
(4) passing on the accui^ulation result of step (2) to a 

reconstruction filter. 



1 
2 
3 



9. The method according tb claim 1 , further comprising the step of: 

(4) passing on me accumulation result of step (2) to an 
interpolation / filter. 



1 

2 



10. The method acco/ding to claim 1 , wherein step (3) comprises the step 
of repeating steps (1) and (2) at a sub-harmonic rate of the carrier signal. 
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1 1 . The method according to claim 1 , wherein step (3) comprises the step 
of repeating steps (1) and (2) at an off-set of a sub-harmonicyrate of the carrier 
signal. / 

12. The method according to claim 1, further comprising the step of: 

(4) performing steps (1), (2), and (3) for posfitive approximate half 
cycles of the carrier signal and for inverted negative approximate half cycles 
of the carrier signal. / 



13. A method for down-conwrting an electromagnetic signal, comprising 
the steps of: / / / 

(1) performin|^^;finite time integraung operation on a portion of a 
carrier signal; / j / 

(2) accumulating the result of the/fmite time integrating operation 
of step (1); and I ^ l 

(3) repeatiiigsteps (1) and (2) for additional portions of the carrier 
signal, whereby the accumulation results form a down-converted signal. 

14. The method according to claim 13, wherein step (1) comprises the step 
of operating on an approximate halfycycle of the carrier signal with a filter 
having an approximately rectangular impulse response and integrating the 
output of the filter. / 

15. The method according io claim 13, wherein step (1) comprises the step 
of controlling a switch to pass an approximate half cycle of the carrier signal 
through the switch and integrating the output of the switch. 
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16. The methodaccording to claim 13, where is a transforfn, u(t)-u(t- 
Tyi) is a windowing operator or aperture of duration T^, and Asm {est + 0) is 
an approximate half cycle of the carrier signal, and wherein stip (1) comprises 
the step of processing the approximate half cycle of the carrip signal in 
accordance with: 



2),= |''(w(r)-w(/-rJ).^sin(fyr + <^>/r 



17. The method according to claim 13, wherein step (2) comprises the step 
of transferring a portion of the energy contained in an/approximate half cycle 
of the carrier signal to an ener,gyfetorage device. 

1 8. The method according/to claim BfwhereiA step (2) comprises the step 
of transferring a portion of tl/o^efgyjcontained p an approximate half cycle 
of the carrier signal to a capkcitive storage device. 



19. The method accordliigjaj&l^m 13, wMere E is energy, ^ is a constant, 
A'Si{f) is an aperture impulse response of duration T^, and wherein step (2) 
comprises the step of accumulating energy pom an approximate half cycle of 
the carrier signal in accordance with: 



20. The method according to claim 13, further comprising the step of: 
(4) passing on the accumulation result of step (2) to a 
reconstruction filter. 



21. The method according t© claim 13, further comprising the step of: 

(4) passing on the jiccumulation result of step (2) to an 
interpolation filter. 
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22. The methocTaccording to claim 13, wherein step (3)Tomprises the step 
of repeating steps (1) and (2) at a sub-harmonic rate of the carrier signal. 

23. The method according to claim 13, wherein step (3) comprises the step 
of repeating steps (1) and (2) at an off-set of a sub-harmoi)ic rate of the carrier 
signal. 

24. The method according to claim 13, further comprising the step of: 
(4) performing steps (1), (2), and (3) forypositive approximate half 

cycles of the carrier signaLpd_formverted negatiye approximate half cycles 
of the carrier signal. / 

25. A method for down-conyeffmg an electromagnetic signal, comprising 
the steps of: "/""^^ 

(1) performmg an RC pr^cessij^g operation on a portion of a carrier 
signal; / 

(2) accummlatipg^e result ^f the RC processing operation of step 

(3) repeating steps (1) and (2) for additional portions of the carrier 
signal, whereby the Accumulation results form a down- 
converted signal. 

26. The method according/to claim 25, wherein step (1) comprises the step 
of operating on an approximate half cycle of the carrier signal with an RC 
filter and integrating the omtput of the RC filter. 

27. The method according to claim 25, where h(t) is an impulse response 
of an RC filter, R is an impedance, C is a capacitance, and w(r)-w(r-7^) is a 
windowing operatonor aperture of duration T^, and wherein step (1) 
comprises the steps of: 
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(a) 



operating on an approximate half cycle of fhe carrier signal 
with an RC filter having an impulse response approximated by 



h(t)=— [u(r)-u(r-Tj],and 
(b) integrating the output of the RC filter 



1 

2 
3 
4 



28. The method according to claim 25, wherein step (1) comprises the step 



of controlling a switch to pass an'approximate half cycle of the carrier signal 
through the switch and int^igrating the ou|tput of the switch using a capacitive 
storage device. 



m 1 

Q 

m 2 
r 3 



29. The method acccrding to'cl'aim 25, wherein step (2) comprises the step 
of transferring a portioiyof the energy/conmined in an approximate half cycle 
of the carrier signal to a capacitivCi^orage device. 
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30. The method accorSing to claimC5, where C is a capacitance, Rg is a 
source impedance, and is a time of an approximate half cycle of the carrier 
signal, and wherein step (2) comprises the step of accumulating a portion of 
the energy contained in the approximate half cycle of the carrier signal using a 
capacitive storage device chosen ip accordance with: 

T 

C> ^ 



RM25) 
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3 1 . The method accordiri^ to claim 25, further comprising the step of: 

(4) passing on tl/e accumulation result of step (2) to a 
reconstruction filter. 



32. The method according to claim 25, further comprising the step of: 
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(4) passing on the accumulation result of st^p (2) to an 
interpolation filter. 



1 
2 



33. The method according to claim 25, whereiiystep (3) comprises the step 
of repeating steps (1) and (2) at a sub-harmonic rale of the carrier signal. 
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34. The method according to claim 25, wherein step (3) comprises the step 
of repeating steps (1) and4^^-al.an off-set of g/sub-harmonic rate of the carrier 
signal. 
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35. The method acydojdifig to claim 25/, further comprising the step of: 
(4) performing steps^l ), (2),/and (3) for positive approximate half 

cyclqB of the can?ier signal and for inverted negative 
app^^oximatcnalf cycles of the carrier signal. 

36. A system for down-converting an electromagnetic signal, comprising: 
a first matched filtering/correlating module that receives an input 

signal, wherein said first matched filtering/correlating module down-converts 
said input signal according to ^ first control signal and outputs a first down- 
converted signal; 

a second matched filtering/correlating module that receives said input 
signal, wherein said secoryfl matched filtering/correlating module down- 
converts said input si gna/ according to a second control signal and outputs a 
second down-converted'signal; and 

a first subtracter module that subtracts said second down-converted 
signal from said firsy down-converted signal and outputs a first charmel down- 
converted signal. 
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37. The systern^f claim 36, wherein said input signal isXRP carrier signal 
that is AM, FM, or PM modulated with an information sign'al. 




1 
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38. The system of claim 37, wherein said first channel down-converted 
signal is a baseband signal. 



1 

2 



39. The system of claim 37, wherein said first cj/lannel down-converted 
signal is an intermediate frequency signal. 
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40. The system of claim 36, further comprising: 

a third matched yriltermg/correlating rnpdule that receives an input 
signal, wherein said tMrd matched filtering/aorrelating module down-converts 
said input signal acccp-ding Jp^third contr^ signal and outputs a third down- 
converted signal; 

a fourth matched filteriAR/correl^ting module that receives said input 
signal, wherein said fourth mat/6hed fil/ering/correlating module down- 
converts said inpui signaL^ecording yo a fourth control signal and outputs a 
fourth down-converted signal; and 

a second subtracter module that subtracts said fourth down-converted 
signal from said third down-conyerted signal and outputs a second channel 
down-converted signal. 



1 

2 



41 . The system of claim AO, wherein said first subtracter and said second 
subtracter each comprise a/differential amplifier. 
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42. The system of cmim 40, further comprising: 

a first filter that filters said first down-converted signal; 
a second filter that filters said second down-converted signal; 
a third filteythat filters said third down-converted signal; and 
a fourth fi/ter that filters said fourth down-converted signal. 
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1 43. The system of claim 42, wherein said first, secona, third, and fourth 

2 filters each comprise a low-pass filter. / 

1 44. The system of claim 43, wherein each said low-pass filter comprises a 

2 resistor and a capacitor. / 

1 45. The system of claim 40, further comprising a low-noise amplifier that 

2 amplifies said input signal. / ^""""^^ / 

Q 1 46. The system of claim 40,^^dlerein saidAnput signal comprises an RP I/Q 

Lff 2 modulated signal. /-^*^^^^^^^"""^ / 

^1 47. The system of claim 46, wherein said first channel down-converted 

fU 2 signal comprises an I-maseig^mTiation/signal portion of said RF I/Q 

^ 3 modulated signal, and wherein said seoond channel down-converted signal 

4 comprises a Q-phase information signal portion of said RF I/Q modulate 

=p 5 signal. / 

1 48. The system of claim 47, wherein a second control signal pulse of said 

2 second control signal occurs 1 .S/cycles of a frequency of said input signal after 

3 the occurrence of a first control signal pulse of said first control signal; 

4 wherein a fourth control signal pulse of said fourth control signal 

5 occurs 1 .5 cycles of said freouency of said input signal after the occurrence of 

6 a third control signal pulse/of said fourth control signal; and 

7 wherein said third/control signal pulse occurs .75 cycles of said 

8 frequency of said input signal after the occurrence of said first control signal 

9 pulse. / 
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lown-converting an electromagnetic signal, comprising: 
a first finite time integrating module that receives an inpnt signal, 
wherein said first finite time integrating module down-converts said input 
signal according to a first control signal and outputs a first d^wn-converted 
signal; 

a second finite time integrating module that receives said input signal, 
wherein said second finite time integrating module dowp-converts said input 
signal according to a second control signal and output^ a second down- 
converted signal; and 

a first subtractor module that subtracts said sfecond down-converted 
signal from said first down-^onverjted signal and ^iitputs a first channel dovm- 
converted signal. 

50. The system of claim 49, wierein said mput signal is a RF carrier signal 
that is AM, FM, or PM modulated' with an information signal. 

5 1 . The system of claim 50, wherein /aid first channel down-converted 
signal is a baseband signal. 



52. The system of claim 50, wherein said first channel dovra-converted 
signal is an intermediate frequency signal. 

53. The system of claim 49; further comprising: 
a third finite time integrating module that receives an input signal, 

wherein said third finite tirnfe integrating module down-converts said input 
signal according to a thircy control signal and outputs a third down-converted 
signal; 

a fourth finite tiine integrating module that receives said input signal, 
wherein said fourth finite time integrating module down-converts said input 
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signal according to a fourth control signal and outputs a fourth down- 
converted signal; and 

a second subtractor module that subtracts said fou/th down-converted 
signal from said third down-converted signal and outpujs a second channel 
down-converted signal. 



1 

2 
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54. The system of claim 53, wherein said first Syubtractor and said second 
subtractor each comprise a di^efenlr^amplifier. 



55. The system of claim 
a first filter that filt 
a second filter that 
a third filter that fi/ters 
a fourth filter that 




er comprising: 
;st down/converted signal; 
cona down-converted signal; 
rd down-converted signal; and 
f3 fourth down-converted signal. 



56. The system of claim 55, wherein said first, second, third, and fourth 
filters each comprise a low-pass filtj^r. 



1 

2 



57. The system of claim 56, ^herein each said low-pass filter comprises a 
resistor and a capacitor. 



1 

2 



58. The system of clainy53, further comprising a low-noise amplifier that 
amplifies said input signal 
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2 



59. The system of 9iiaim 53, wherein said input signal comprises an RF I/Q 
modulated signal. 
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60. The system of claim 59, wherein said first channel oown-converted 
signal comprises an I-phase information signal portion of sSid RF I/Q 
modulated signal, and wherein said second channel downAconverted signal 
comprises a Q-phase information signal portion of said f(F I/Q modulate 
signal. 

61 . The system of claim 60, wherein a second control signal pulse of said 
second control signal occurs 1 .5 cycles of a frequency of said input signal after 
the occurrence of a first control signal pulse of said first control signal; 

wherein a fourth coitoolsignal pulse of said fourth control signal 
occurs 1.5 cycles of said frequency pf said input signal after the occurrence of 
a third control signal pulsef of said/rourth control signal; and 

wherein said thirdiec^ol signal pulse occurs .75 cycles of said 
frequency of said input sjfgnal an^r the occurrence of said first control signal 
pulse. 

62. A system for down-converting/an electromagnetic signal, comprising: 
a first finite time integrating module that receives an input signal, 

wherein said first finite time integrating module down-converts said input 
signal according to a first control /ignal and outputs a first down-converted 
signal; 

a second finite time into^grating module that receives said input signal, 
wherein said second finite tini^ integrating module down-converts said input 
signal according to a second/control signal and outputs a second down- 
converted signal; and 

a first subtractor n/(odule that subtracts said second down-converted 
signal from said first doj^n-converted signal and outputs a first channel down- 
converted signal. 

63. The system pf claim 62, wherein said input signal is a RF carrier signal 
that is AM, FM, or PM modulated with an information signal. 
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64. The system of claim 63, wherein said first chami^ down-converted 
signal is a baseband signal. 
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65. The system of claim 63, wherein said first cl^annel down-converted 
signal is an intermediate frequency signal. 
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66. The system of claim 62, further comprising: 

a third finite time integrating module tnat receives an input signal, 
wherein said third finitatime integrating module down-converts said input 
signal according to a tl^ird control signal an^ outputs a third down-converted 
signal; 

a fourth finite ffime Ihtegrating mc^dule that receives said input signal, 
wherein said fourth Ignite timq integrating module down-converts said input 
signal according to a( fourth ^ntrol signal and outputs a fourth down- 
converted signal; ar 

a second subtractor moduleAhat subtracts said fourth down-converted 
signal from said third down-converted signal and outputs a second channel 
down-converted signal. ■ 
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67. The system of claim 66, wherein said first subtractor and said second 
subtractor each comprise a differential amplifier. 
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68. The system of claim 66, further comprising: 

a first filter thatiilters said first down-converted signal; 
a second filter /hat filters said second dovm-converted signal; 
a third filter mat filters said third down-converted signal; and 
a fourth filter that filters said fourth down-converted signal. 
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1 70. The system of claim 69, wherein each said low^ass filter comprises a 

2 resistor and a capacitor. / 

1 71 . The system of claim 66, further comprisin^a low-noise amplifier that 

2 amplifies said input signal. / 

1 72. The system of clartra"65r^erein said input signal comprises an RF I/Q 

2 modulated signal. I I 

1 73. The system of claii«-^^^wherein sa/d first channel down-converted 

2 signal comprises an I-pnase infonmation signal portion of said RF I/Q 

3 modulated signal, and wherein said second channel down-converted signal 

4 comprises a Q-phase irJfbrm^on signal portion of said RF I/Q modulate 

5 signal. / 

1 74. The system of claim 73, wherein a second control signal pulse of said 

2 second control signal occurs 1.5 cycles of a frequency of said input signal after 

3 the occurrence of a first control signal pulse of said first control signal; 

4 wherein a fourth control signal pulse of said fourth control signal 

5 occurs 1 .5 cycles of said frequency of said input signal after the occurrence of 

6 a third control signal pulse di said fourth control signal; and 

7 wherein said third control signal pulse occurs .75 cycles of said 

8 frequency of said input signal after the occurrence of said first control signal 

9 pulse. / 




